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T he pre serlt Study w asthe in v estigatio n of drug n BLn OParticle for m atio nby
co -grinding with cyclodextrin inatte mpt toimpro ve the s olubilitya nd bio a v ailabilityof
poorly w ater- s oluble pharm a c eutical m aterials. As a m odel drug, pr anlukast
hemihydr ate 伊R K)w a s us ed in this study. Pranlukastis aleukotriene antago nist u s ed
forthetr e atm ent ofasthm a･ Pr anlukast exhibitspo o r aqu e o u s s olubility(1.2pg/mlat
25oC)･ Po wde r X-r ay di鎗a ctio n(P X R D) m e asur e m e nt w a sus ed to inve stigate
m ole cula rstate of dr ug a nd C D in the gr ound mixtur es. Na 加Particle for m atio ninthe
aqu e o usphase wasin v e stigatedby particle size a n alysis a ndqu arltitativ edeter m払atio n
of drug r e c ove red as nan oparticle s. Furthe m o re, the po ssible m e cha nis m of
n a n oparticlefor matio n w aspr opo s ed.
Pr an1ukast w asgr o u nd witheitherβ- CD anl1ydr ate o rβ- C D hydr ate(10.5 H20)
crystals a土 a miⅩing m olar r atio of 2:1(β-C D:P R K). P3 a Dr es1ts indic ated that
β- CD a nhydra[te/P R K G Mw as amorphou s a丑e r c o-grinding, how e v e r,the X mpeak of
P R Kcrystals wa s stillobserv ed inc a s e oftheβ- C D hydr ate/P R 温 G M indc atingP R K
w asin crystalline for m e v en a丘e r co -grinding. W ithr egardto the 針C D hydr ate仲R K
G M
,
theparticle siz edistributio nin dicatedthe e xiste n c e ofve ry s m aRparticle s. A fter
so nic atio n
,
the s u spe nsio n w a sfo undto co n sist ofo nlyparticles s mallerthan lトLm ･ In
co Ⅱtrast,theβ- C Da nhydrate/P R K G Mexhibitedpo or wettability a ndgave aggregate s
凸o ating o n the w ater surfa c e whe nit w asdispers ed into w ate r. Qu a ntitativ e
dete 血 n a:tio n of P R K de m onstratedthat96% of
'
pR 監lo aded in G Mre c o ver ed asdmg
crystallin enan opa rticle s(m ea npa rticle siz e:I92r m)when theβ- C D hydrate/P R K G M
w as dispe rs edinto wate r. On the otherha nd, dnlg n anOParticle s c ouldn otbe for m ed
whe nP R Kw a s co -gr o u nd wihβ-C Da nhydr ate (reco v ery - 1.4 %). The s ere s ults
sugge sted that the w aterduring the co-grinding pro c e s s affe cted the fo r m atio n of
n a n oparticle s･ The effect of m oistu r e c o nditio ndu ring c o-grind ing pr o c ess o ndr ug
na n oparticle form atio n w asfurthe rstudied in α- CD,β- C D and†- C Dsyste m s(m ola r
r atio C D:P R K- 2:1). The a m o u nt ofw aterw a s adju st占d by addingade sir able am o u nt
of w ater to the mixtur e ofC Da nhydr ate and
P R 濫befo r e c o-grinding. F孟g弧r e且 sho w sthe
r elatio nship betw ee n re c o v ery valu e and w ater
a m ou rlt in the mixtur e sin α- C D
, β- CD and
y-C D syste m s(m olar r atio C D:P R K- 2:1).
The re s ults sho w ed a sha rp m c re as e ofthe
r ec o v ery v alue fo llo w ed by r apid de cre a s e of
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Fig.1 Correlationbetw een Moisture Condition
and Re covery ofP R R(<0.8 pm)obtain ed 舟om
the GMs 血 α -CD, ㊨ β-CD, ㊥ †-CD
the re c o v ery valu ein allsyste m s, where as the m a xim u m r e c o v ery valu es w er e86 %,
98 %and 91 %obtain ed a士 8･0 %, 13 %and 20 %m oistur ein α- C D, β- C Da nd†- C D
systerru, re spe ctiv ely･ Thes e r e s ultsimpliedthat the w ater mole clles cle arly playeda
slgniflCant r ole inthe fo r m ation of drug n 弧 OPa rticle prepa r edbythis m ethod. The
r apid de cre ase ofthe rec ov e ry v alue at highe r m oistw e c o ndito n w asbe cause the
a岱nitie sbetw e en C D m ole c ule sin cr e a s ed during the grinding. Co n s equ e血Iy, it
re sulted in r e crystallizatio nof CDs,lo w er a氏 nitiesbetw e e nβ- C Da nd P R Krn olecule s,
and no na n oparticle form atio n
Toin v e stigatethe n an oparticlefo rm atio nduringthe c o-grinding, difFe r erltkind
of G Ms w e re pr epar ed attbe grindingtim e of l, 3, 5, 7 and lO min. T he トmin G M
exhibited lo w r e c o v ery(8 %)indic ating lo w nan oparticle for m a[tio n. However, the
r eco v ery of 3- min G M w as 96 % which m ea nt ah o st allof P R Ktr a n sfo r m ed to
n an opa rticle占 a鮎r c o-grin ding for o nly 3 min. From the se r esults, the ir[ter a ctio n
le ading to n an oparticle fo r m atio n s e e m ed to be c o mpleted in the &st 3 m払 of
c o-grinding.
J D - m an nitol, la cto s e, ure a and M C Cw er e als o u s ed as c o-grin d ing additv e s･
The c o-grind ing with P R Kw asperfo r m ed at 5:1 w eight r atio(addi土iv e :P R耳). Al l
GMs e xhibited verylo w r e c o v erybelo w4 %, de m o n str ating n o n a n oparticle for m如io n･
The refor e
,
drug n an opa rticle form atio n w a s c o n sider edto be apa rtic ularpheno m e n o n
to CDs.
To inv estigate the mechanis m of na n opa rticle fo r m atio n, the G Ms pr epar ed
withβ- C D hydrate and anhydrate w eregr o u ndfo r o n e
.
I m o r etim e atdiWe r e nt m oistur e
c o ndito n s･ T he appe a ran c ea nd dis appear an ce ofn a n oparticles by c o-grinding we re
inve stigated by re-grinding ofG Ms a鮎r the dr astic cha nge ofthe w ette r am o unt.
W he nthe dried s a mple ofβ- C D a nhydr ate仲RK G Mwhich sho w ed no n anoparticle
for m ation w a sregr oundin15 %m oistu r e c o nditio n,thedr a sticin c re as e ofthe r e covery
to 84 %w asobs erv ed･ Onthe otherhand
,
signific a nt n an OParticle for m a･tio n w asnot
observ ed whe nthe β- C Dhydrate/P R K G Mw a s regro und in dry c o nditio n. T he s e
re s ults sho w edthatdrug n a n oparticle for m atio n w as a re v er sibleprocedw edepe nding
o nthepresen c e ofw ater m ole c ulesduringthegrin d ing pr o c es s･
Asthe r e c o v ery valu erem ain edthe s a me eve na丘e rhumi dificatio n oftheβ- C D
hydrate仲R K 皿dtheβ- C Da nhydr ate/P R KG Ms at40oC, 82 % R H,it w as c oncluded
that the m oistu re conditio n a鮎 r c o･grindinghad n oslgnific a nt in flu e n c e. Wa[ter was
n e cessa ry o nly during the c o-grinding pr o ce ssto pr odu ce n an oparticle s. On c ethe
na noparticle s w e r efor m ed, w aterhad n o signiflCant in nu e n c e asthe drying o r
humidiBcatio nhadno e飽 cto nthe r ec o ve ry of drug particles･
Drug Nan o c rystalli(e
G 好 劫wde r
(A)
(過)
Ads orptio na nd Interaction
ofPICD toPartjch5Surfac e
@
P- C D LayerCovering
Drug Nan opartick)
珍
毘
◎ ⑳ ◎ ⑳
◎ ◎ ◎ ◎
◎ ◎ ◎ ◎
AjFe'
.
DLspetT10Pl
β-CD
地 車im Suiせ&bⅠe M oisture Co nd 紬io n
G M PO W (由T
:I.I:. I.:i k･.kI.･i;
見
Amorphm s
tC
‡n cα11Pkte
^ds orption oS軒C D
Drug
ノ 坤 '
.
DE
'
speTSEOn
喧M Prepa red 量n Dry Co ndition
(C)
(B)
Fig･2 Posible Me chaJlis m ofthe N an oparticleFor m atio n
T he po ssible m e cha nism of n a n oparticle fo rm atio nis illustr ated in Fig･2･
馳 e ndrug w a s c o-gr o u nd w 地 C Dsin a s uitable m oistur e c ond 辻io n, w ate r m ole c ule s
w oulda ct as alubric antat the m ole c ularlevel andther efor eimpmiegrindingefBcie n cy.
W hendrug w asgr o u nd untiltheparticle siz e r e a ching m a n o m eter r egion, C D m ole c ule s
w o uldbe bo u ndto dr ug particle s c a u sing a ninteractio nat the particle s u rfa c e. The
irlte ra Ction betw e e nC D hydrate and drug might lead to the fo rm ation of dr ug
n an o crystalliie sa丑ergrinding. The C Dm ole c ule s c o uldfo r m an etw orkstr u cttw e with
n eighboring C Dm o且e c ule sco v e r mgthe particle s urfa c etogethe rwith ? s olids u rfa c e
inter a ctio nbetw e en drug and C Dm ole c ule s(野孟g･2 A). W he nthe GM po wder w as
disper s ed into w ate r, the CD matrix diss olv ed a ndthe ndrug n an o c rystallites w o uld be
rele a sed and de v eloped to be n a n oparticles･ C D m olec ule s w o uldads o rb o ndr ug
nanoparticle a nd be c om e C Dlayerprev e nting a n aggregation ofparticle s(Fig.2 B).
T he suitable am o u nt of w ater se e m edto be n e c e ss a ryfo rthe establishm e nt ofs u rfa c e
inter a ctio npr oces s es a ndthe C Dnetwo rk form atio n･ Toproducedr ug n a mparticle s,
w ateris n e c e s s ary onlydu ringthegrindingpro ce ss. On ce theinteractio nbetw e en CD
and dr ug o c ctw ed and the nan oparticle s w e r estabiliz ed in the C D m atrix, w ater
m ole c uleshad n olo nger signi6c arltrOle･
Onthe otherha nd
,
whe ndrug w as c o-gr o und with C D intbedry c o nditio n,
its e e m ed likelytha[t the netw o rk stru cture and m ole cula rinte ra ctio n sdidn ot takeplace･
W 証hout s uitable amotmt of w ater
,
C D c ouldn ot be boundto and irrter act withthe
particle su rfa c e, re占ultingin an inc o mplete ads o rption of CD(Fig･2 C)and c o n s equerlty
an aggr egation of drug particles both in G M po wder and in dispersing m ediu m
(耶g｡2め).
T he co - grinding m ethod w as applied to
s o m e other poo rly w ater-s oluble dmgs, i･e･ ,
nu rbiprofe n(F B P), O NO-8713, phe nytoin and
glibe n clamide. D rugs wer e c o-gr o u nd withβ-CD
hydr ate at 5:1 weight r atio (C D:Drug). The
r e c overy valu e s of otherdr ugs &o m the G Ms a r e
sho wninFig･3･
100
′ ‾ ヽ
邑 80
育
ユ
oo
.
60
く⊃
∨
盲40
> ･
B
20
5 7
50
2 7
I5
P R K FBP O N O- Phe ny- Glibcn･
87 1 3 toin clamide
Fig.3 Reco very ofDrugs &om the G Ms
Prepar ed withβ-CD Hydrat e
The m ethod of c o-grinding with C Ds c o uld be applied e飽 ctiv ely a s a
n an oparticle pr eparatio n m ethodto s om e po orly w ater- s oluble drug, e･g” pr anlukast
he mihydr ate, 伽 rbipr ofen and O N O-8713･ T he m oistu r e c o nditio n du ring the
co-grind ing pr o c e ss slgmiflCarlty affe cted n an opartic16･ for m atio n･ Dr ug n a n oparticle
fTor m ation w a sa r e versible pr o c edur edepending o nthe pres e n c e of w ater m ole c ule s
duringthe grinding pr o c e ss･ T hefo rm ation of dr ug nan opa rticle w a s c o n sider ed as a
particularphen o me n on to C Ds･ Theinter a ctio nbetw e e nthe C Dand drug mightle ad
to n a nopa rticle fo rm atio n･ The suitable w ater am o u nt and C Dn etw o rk w ould help
stabiliz ethe nan opa rticle sinthe a m o rpho u sC Dm atrix･ W he ndispe rslng the G M into
●
w ater
,
C D m atrix w oulddis s olv ein w ater a nd then drug n a n oparticle s w o uld be
rele as ed and s u spe nded stablyin the m ediu m ･ Thiste chnique c o uld be apro m lS mg
m ethod forbio a vai1abilitye nhan c em e nt ofpo orly w ater-s olubledrugs,
濫阿甘汲⑬齢町町甘瓦⑬N
P har m a ce uticalm aterials with lo w aqu eo us solubility c a us ethedifTIC ultyi血the
pr oc es of phar m ac etltic al fo r m ulatio n. The diss olutio n of drug is u s ually a
rate-li mitng step of drug abs orptio n
l･ 2)
I po o rly w ateトS Oluble drugs e xhibit po o r
abs o rptio n, lo wbio a vailabiliiy a nd lo w efTICaCy When drugs a reorally admin iste red.
The e nhanc e m e nt of aqu e o us s olubility a nd bioavailability ofpoorly w ater-s oluble
drugsis o ne ofthe m ost e s se ntialtopics inthepha r m a c e utic al are a. T he for m ulatio n
r es ea r ch ofthese drugs fo r oral ad ministr atio nis n o w agr e at challe nge in the
pharm a ce utical indu stry･ Se v er altechniqu e sha ve be en applied in atte mpt to impr o ve
dr ug s olubility and bio a vailability s u ch as soliddispe rsio n, micro e m ulsio n,
s olubihz ation andparticle e ngm e em g･
Solid disper sio nis a syste m whicho n e o r m o re activ elngredie nts are dispe rs ed
in anine rt G a mier m atrixinthe s olidstate 3,4)･ solid dispersio n c a nbeprepar ed by
v ario us m ethods
,
e･g･ , c o evapo ratio n m ethod(solv ent method)
517)
,
m elting m ethod
8‾10)
,
spray-drying m ethod
” -13) and kne ading m ethod
14-16)
. Dr ug r ele a s e&o m the s olid
dispe rsio n c an be co ntr olled bythe choic e of w ate r-s oluble orpo orly w ater- s oluble
c arrie rs･ Us age ofw ater- soluble c a rrie r e sultsin afa strele a se of drug丘o mthe m atrix
a nd an inc re a s ed drugdiss olutio n r ate
1 7-20) M icr oem ulsio ntechniqueis als o widely
used fo rimpro v ingdrug abs o rptio n
2l-24)
･ M icr o e m ulsionis amiⅩedsyste m co nsiting
ofwater
,
oila nds u rfacta nt, andis chara cteriz ed as atran sparent, optic allyis otr opIC a nd
the rm odyn a mic allystableliquid
25)
･ Theimpr oもedabs o rptio n丘o mthe mic r o e rn ulsio n
is c onsider edto be du eto inc o rpo ratio n of drug hto micro e mulsio ndr oplets, andthe
incr e ased spe cific s u rfa c e area r e s ulted in e nhan c mg the c o nta ct with the
gastr oirlte Stinal tr act
26) complex atio n of dr ug with s om e additiv e s s u ch as
cyclodextrinis w e山kn o wn as a c o n v e Ⅱtio n alte chnique for solubilizatio n
27･3i)
Particle e ngm e e rlngtechn ologyha sdr a w n m a ny atte ntio n s a nd inter e st a sthe
m ethod for enha n c mg solubility a nd bio a vailability ofpo o rly w ater-soluble drugs
32-36)
M ic ron-sized drug particles c o uld be e a sily de sign ed
'
･ and pr odu ced･ The impo rtarlt
adv a ntage ofthis methodisinc re asein surfac e area which m ayenha ncedissolutio n r ate
a nd c o n sequ e rltly bio a v ailability ofphar m a c e utical m aterials･ D rug 血e particle s
typic ally c an be pr epar edby spr ay-drying
37-38)
,
c rystallizatio nby using s upercritical
c o2
39J13) andgrinding
44J15)
･ Grinding m ethodshows sev eraladv a =tagesfo rthatitc a n
be pe rfo r m ed e asily and 蕗iendly 免)r e n vir o n m e nt be c a use it requ ir e s n O O rganic
solv ents･ Ho w e ver
, g血dinghydrophobicdrugs u s u allyc a u s es an aggregatio n of drug
pa rticles a nd cons equ erlty r esultsin theli mitation ofsiz eredu ctio n ar o und 3LLm
46)
Particle size c o uldn ot be r educ edto m an o m et r size by dry mi lling pr o c e s s. Size
r edu ctio nto m an o m eter ra nge should be c a rried o utbyotherte chniques･
Co- grindingte chniquehasbe en e mployedfor a m o rphiz atio n of dr ugs
47-5 2)
and
c omple x fo r m atio n betw e en drugs a nd ho sts (cyclodextrin s
53‾56)
,
cholic a cid57)
,
de o xycholic a cid
58-59)
a nd tws ode o xycholic a cid
60叫). Recently, m any r e sear ches
have focu sed o npardcle siz e r edu ctio nto s ub micro n regi o nbyc o-grh ding with s om e
additives
62-71) Ma n nitol and a c ombinatio n of polyvinylpyrr olido n e(P V P) and
s odiu m dode cyl s ulfate (S D S) 72
-74)
ar e ex a mple s of c o- grin ding additv es. The
m ethods ofsize r eductionha v ebe e n c o rlthu o u slydev eloped･
Cyclode xtrin s(CDs)a ndthek derivative s ar e widelyused asho st c o mpo u nds
75-85)
I cyclode xtrin s a re oligos a c chaqides c o nsiting of D増Iuc opyr an o s eumitslinked
thro ugh α -1,4-glyc o sidicbo nds(F畳g･嶺). T he α - ,β- and†- C Ds are wi dely u sed na[tural
cyclode xtrins, which con sist of 6,7 a nd 8 glu c opyr a n o se u nits, r e spectively･
Cyclode xtrins ha v e ato r oidalshape andthe inn e r surface ofthe c avityis r ehtiv ely
hydr ophobic･ The prim ary hydr o xyl gr oups ar e on the na u ow trim while the
se c o ndaryhydro xylgr oups ar eo nthe widertrim , which m akethe outer surfa c e of C D
hydr ophilic･ Due to this stru ctur e, C Ds c anfo r m inclu sion co mple x with drug
m olec ules and alte r s om ephysic al a nd che micalpr ope rtie s ofdrug
86-98)
.
Mole cules
with appropriate siz e and ste re o chemistry c o uld be included into C Dcavity･ On e of
the mo stimportant c o nve ntionalapplicatio n s ofthe C D inclu sio n c o mple xisto e nha n c e
the aque ous s olubility of dr ugs･ Ther e ar e n u m ero u sres earche s reported abo ut
c o mplex form atio nbetw e e nCDs and po o rly w ater=soluble drugs to impr o v etheir
aqu e o u s s olubility
99-1 2 0)
･ Ho wev erthein clusion mightbe difFIC uli for som egue st
m ole cule swithstru ctu reslarge rthan C D
'
s c er[t alc a vitydia m ete r.
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Fig･4 Chemical Stru chre and ToroidalShapeofP- Cyclodextrin
Pra nlukast(P R K)hemihydrate(4- oXo -8-[4-(4-phenylbutoxy)ben z oylamin o]-2-
(tetr a z ol-5-yl)-4H-1-be n zop yr a mI/2 H20) (M ･W･ 490･52)(Fig･5) is a.
cysteinyl
leukotrie n erec epto ra ntagonist which is used as an a nti- asthm atic age nt･ O N O-8 713
((E)-3-【4-[【2- 淋(Rlra か2- s ulfo nyl)- N-is obutylamin o]-5-(tri瓜ほO r O m ethyl)phe n o xy]m ethy
l]phe nyI)propen oic a cid)(M ･ W･ 523.53)(F畳g.6)is aprostagland inE 2arltagO nist us ed a s
皿 analgesic･ Both c o mpo u nds ha v e c o mplicaEted la rge stn lCtu re S with s everal
a ro m B[tic rings a nd e xhibitextr e m elylo w aqu e o u s s olubility(1.2 a nd 0.92LLg/m 柑 20 at
25oC for P R 監a nd ONO-8713, re spe ctively)r es ulting in po o r abs o rptio n a nd lo w
bio availability.
O
a - o 域;ポニ冨I 1/2 日20
Fig.5 Chemical Stru ctur e of PranlukastⅠ1emi hydrate
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Fig.6 C hemic al Stru ctur e of O N O-8713
In the pre serEt Study, in atte mpt to impr ove drug s olubility, the in clu sio n
c o mplex forma[tion betw e e nPR Kand C Dsinthe aque o usphas e w as studied by phase
s olubility diagra m･ Co-grinding ofdrug w 姐 C Ds was perfor m ed･in o rderto
inve stigatetheinclu sio n c omplexfo r m atio ninthe s olidstatebutdr ug m olecule sem ed
to be to o kLrge tO fo r min clusion c o mple x･ Ho w ever, it w as fo und that drug
n a n opa rticle s w ere form ed a鮎 r c o- grinding･ Cyclode xtrin sha ve been e mployed as
additive sin c o- grinding processto pr epar e drug particle s in n a n o rn eter le v el. In
chapter o n e, P R K弧dO N O-8713n a n oparticlefo r m atio nby c o- grinding withC Ds a nd
fa ctors a飽 cting n an opa rticlefo rm atio n w er ein v e stigated･ Thepo ssible m e cha nis m of
n an oparticle 払r mation w a sdiscussed in chaptertwo･ In cha[pte rthre e, drug with
smaller m olecule
,
瓜u rbiprofe n w a s u sed as a m odel drugto investigatethein chlSio n
co mple x and n an oparticlefo m utio nbythe c o-grin ding m ethod.
監蒐野鼠選覗王覗鼠N ⅧA 乱
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】覗 a食eri盈丑s
Pra nlukast hemi hydr ate(P R監)and O N O-8713w er e re c eived as agi氏 &o m
Ono Pha rm a ceutic al Col Ltd･
,
JapaLn･ Flurbipr ofe n(F B P)was rec eived a sa gi丘 &o m
Kake nP harm a c e utical Col Ltd･
,
Japan･ P henytoina ndglibe n clami de were pu rchas ed
丘o m W ako Pur eC hemic al lndu strial
,
Ltd･
,
Japa n･ The additv e s w ere obtained丘o m
the s ourc e sas fo11o ws･ The wate r c o nterltS Of ea ch additve w er e m e asured by
Ka rl-Fis cher m ethod.
Table1 A dditiv es us ed in chapterI & Il
A dditiv es Sou rce
W由er
c o nte nt
β- C D N iho nShokuhin Kako Co･ Ltd･ ,Japan 14.2 %
α - C D Mercia nCorpor ation,Japan 1 0.7%
†- C D Mercian Corpor atio n,Jap an 1 0.1 %
Hydr oxypropyl-P- C D(H P-β- C D) N iho nShokuhin Kako Co. Ltd.,Japan 5.6 %
Hephkis(2,6-di- 0 - m ethyl)- β- C D(D M-β- C D) Tohshin C hemic al Co. Ltd. ,Japan ･ 0.5 %
Heptakis(2,3,6-tri- 0 - m ethyl)一β-C D(T M-β- C D) Tohshin C hemic al Co･ Ltd･ ,Japan 0.7 %
Sulfobl叫 ether-β- C D(S B-β- C D) Cydexln c. , U S A 12.4 %
D- m a n nitol Na calaiTesqu e,In c.,Japan 0.6 %
Lacto se Na cal aiTesque,In cJ apa n 5.1 %
Urea Na calaiTesqu e,In c.,Japa n 6A %
＋
Micro crystal1in e c e11ulos e(M C C) Asahi Kasei Co･ ,Japan 8%
*
Wate rc o nte ntajie rhu midlPedat40 管and82% 見好
The anhydr o u sfor m of C Ds w a s obtainedbydryingC Dsin v a c u u m atllO
oC
for3handthe w ater c orlte nt Ofe a ch C Dw asli mitedto bele s stha n1.0 %. Al lother
chemic als us ed w e re ofreagentgr ade.
10
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An e x c e s sa mo u nt of P R Kwas addedinto v arious concentr atio n s ofaqu e o u s
CD s oILltio n s･ The s u spe n sio n sw er e equilibr atedbyshak払g at3 0
oC ina 甲aterb在th.
T he suspe nsio n s we refilter edthr o ugh0･45pm m embr anefilter(M iilpore, M A, US A)
andthe 馳 ates w er e an lyzed spe ctrophoto m etrically at a w a vele ngthof 255n m u sing
Shim adz uU V-160spectr ophoto m eter.
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Fig.7Calibr atio nCu rv e ofPra nluka st
九 - 255 m m
P陀Pa 柑せ豆o m o官G m 覗取成 M ix食岨 陀 S
Cyclodextrin andPR Kwerephysically mix ed at various m olar r atiosin aglas s
vialby using a v ortex mixer(physical mixtures, P Ms). Thegr o u nd mixtur e(G M)w a s
obtainedby grindingtheP M in a vi bratio n r od mi ll(TI-200, Heiko Seis aktlSho, Japan)
fo rlO min. T he G Ms wiih other additive s, i･ e･ , D - m amitol, la cto s e, t u e and M C C,
w er eperfo rm eda丑5:1 w eightr atio(additve:PRK).
To c o Htr Oithe m oistu re c o血e nts duringthe c o-grin dingpr o ces s, a des辻able
am o u nt of distilled wate r w as addedtoP M and mix edho m oge n e o u slybefo r egrinding
the mixtur ein a vibratio n m山 forlOmin.
旗 Ⅶm孟d孟温e aをio 弧
斑umi diflC atio n ofG Ms w a spe rfo rm ed bystoringthe s a mple sin ade sic c ato r
co ntainings atu r ated aqueo u s s olutio n of K Cl(82 %relativ ehumidity(R H) at4 0oC fo r
5 m o nths･ The w ater c onte nt ofthe G Ms a鮎rhumi dific 圧tio n w asdete rmin ed byKarl
Fis cher m ethod.
ll
野Ⅷ内払c 『G 血 姐畳喝 Ogβ- CE) m 鼠鑑 G Ms 盈食D互助 陀 汲☆M ⑳孟sせⅦ 陀 Co 弧助長o 汲S
T heβ- C D･10.5 H20/P R K G Mw a sdried atllOoCfo r3 h, a ndthen the dried
s a mple w asRlrthergr oundin a vi br atio nmi llfo rlO min. Onthe otherha nd, distined
w ater w as addedto theβ-C Danhydr ate仲R K G Mto obtainthe s a mple of 13 %w ate r
a m ou Ⅲta ndthe 鮎rtherg血ding w asperform ed.
Po wde rX一 晩ayE)畳飽Ⅶ c鮎 皿(肝Ⅹ汲D)Mc 射 場陀 m e汲☆
Po wderX-r aydi鎗a ctio n w ascarried out o n aRigaku M iniflex di 飽acto m eter
(Tokyo, Japan)･ M e as ur e m erltS W ere Perfor med at30kV v oltage, 15mA c u rr erlt, a
s c a nn mg spe ed of4
o mi h
-1
,
a Ni 批er anda radiatio n s o ur ce ofCtiKa .
Pa細長c且cSize A弧執Bysis
The G Mw asdispers ed in distilled w ater and s o nic ated for2 min. Particle siz e
w asdetermined bythelights c attering m ethodu sing M ic rotracFR A
@
叩ikkis o, Jap an;
Me a sur e m ent ra nge, 0･1- 700pm) a nd bythe dyn amic light scatte ring m ethod tlSing
M icr otracU P A㊨ 印ik is o, Japan; Me asu re mentr ange, 0･003-6 pm)A Pa rticle sla rge r
than 0･8 pm we r e c ut o肝 by Bltratio nus mg m e mbra n efilterbefor ethe particle size
m e asur e m erlt On M icr otr a cU P A@.
i)c紬r m畳m如io 曲 0官P 汲監 汲c c o v e wcd 鮎 Na取Opa純量曲$
Orlehu ndred mg of G Mw a s s u spe nded in lO mi distilled w ate r and the
suspe n sio n w a s s o nicated for2 min･ The suspe n sio n畠of G Mw e refilte redthr ough0.8
pm m e mbra n efilter(M illipo r e, M A, U S A). The mtr ate s c o ntaining n a n oparticle s of
sm alertha nO･8 pm w ere diluted with ethan olto dis s olve allthe s olidco I叩 O n e ntS･
The a m o urltS Of P R Kco ntain ed w er e spectr ophoto metric ally determin ed at a
w av el ngth of 255n m u sing Shim a 血 U V-160 spectr ophoto m eter･ T he rec o v ery
v alu e w as calc ulated ac c o rdingtothe equ atio n(1).
Re c o v ery(%) -
Amo u nt ofP R 艮n an oparticle s(<0.8pm)
Totala mourltOfPR Kinthe s u spe n*on
12
×100 … ‥(1)
既s☆畳m 免官畳⑳弧 0富野払y容量eo cぬcm畳c象盈野mpe紬yぬ q
･SⅦspe弧ded P汲細五c8es
T he suspe nsio n ofP- C D･10･5Ⅰ耳20/P R K 2:1 GM wasfilter edthr o ugh 0.8Tim
m e mbra n efile r 弧dthe nan oparticle s s u spe nded inthe 馳r ate were c o11e cted･by us ing
O･1 LLm membrane 靴 e r(M illipore, M A, U S A). Po wder X-r ay di 飽actio n w a s
im m ediatelype rfo r m ed fo rthe residu e o nthe0.1ドm m e mbr a n efilter_ As a refre n ce,
the sa m epro c edu r e w as e mployed fo r aqu eo us suspen sio n ofunpro ces s ed P R Kc rystals.
Sc am m且喝 尻且cc☆m m M 孟c m s c opy
●
T he suspension ofP- C D･10･5 H20 仲R K 2:1 G Mw as馳 er edthro ugh 0.8LLm
m embr a n e馳 e r andthe n a n oparticlesin the fltr ate w ere colle cted by us mg 0.2トL m
m e mbr a n efute r(M illipore, Japa n). P R Kn a n opa rticles o nthe0.2pm m e mbr a n efilte r
was observed bys c anningele ctr o nmicro s c opy(S E M).
P hys畳c o cぬc m畳c 免且凱a払姐孟iyTesせ
β- C D･10･5 H20/P R K2:1 G Mw a s s u spended in distilled waiter, 0.1 % w/v
hydr o xypropylm ethylc ellulo s e(H P MC 2910) aqu e o u s s olutio n and 0.1% w/v
polyvinylpyrrolido ne(P V P-25) aqu e o us s ohtio n, respe ctively. The fliratespas s ed
thro ugh O･8トLm m embra n ealter w er eincubated at30
QC and m e a s u r ed forparticle siz e
distribution a土de血血eirlterVals.
Zeせ盈-Po舌en☆畳a且Mcas Ⅶ陀 m C mせ
Zeta-pote ntialw as m e asur ed forthe s uspen sio ns a ndthe 馳 rates of G Msby
ele ctrophor etichghtsc atteringspe ctrophoto m ete r, E L S-6000(OtsukaElectr o nics,
Japan)
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】覗a食e細魚Rs
Flu rbiprofem (F B P) (M ･ W. 244.26) w as r e c eived as a g況 鉦o m Kaken
Phar m ac e utical Co. Ltd., Japan. T he additv e s w ere obtain ed 丘o m the s ources as
fo皿o w s･ T he w ater c o血erltS Ofea chadditv ew e re m easu red byKarl-Fis cher m ethod･
Table2 A dditiv es us ed in chapterIIⅠ
A dditiv es Sot汀C e
Water
co ntent
β- C D N iho nShokuhin Kako Co. Ltd., Japa n 1 4.2 %
q
-CD M ercia nCorporatio n,Japan 10.7 %
†- C D M er cia nCorpor atio n,Japan 10.1%
Hydro xypropy岬 - C D(HP-β- C D) Niho nShokuhin Kako Co. Ltd. , Japa n 5.6 %
Heptakis(2,6-d♭o- m ethyl)-β-C D(D M-β- C D) Tohshin C hemic al Co. Ltdり Japa n 0.5 %
D- m amitol Nacalai Tesqu e,In c. ,Japan 0.6%
M icro crystallin e cellulos e(M C C) AsahiKasei Co. ,Japa n 8 %
The a nhydro u sfo rm of C Ds w a sobtainedbydrying c osin va c u u m atllO
oC
for3h andthe water co ntent ofe a ch C Dw asli mitedtobeles sthanュ.0 %. A llothe r
chemic als u sed w er e ofre age ntgr ade.
P陀pa 柑食io 姐 0官G m 岨md M ix食u Te S
A dditiv e sand F B Pw erephysically mixed at5:1 weightrdio(additiv e:drug)in
a gla ssvialbytlSing a v o rte x miⅩe r(physicalmixtu res, P Ms). The gro u nd mixture.
(G M) w a s obtained by grind ing the P M in a vibr atio n r od mi ll(TI-2 00, Heiko
Seis akusho
,
Japa n)fo rlOmin
Prepa 柑iio m o叩 - C D - F B P耳弧胡Ⅶs畳o汲 Comp且ex払y Cop陀 Cip鮎iio nM e地od
An equim olarin clusio nc o mple x ofP- C D - F BPw aspr epared. β- CD(908
14
mg)a nd F B P(200mg)w er edissolv ed separatelyin160 miof distiued w a:ter and20ml
ofethan ol, respe ctiv ely u smg50
oC w aterbath. The F B Ps olutio n was addedto the
β- C Ds olutio n while stirring a ndthe miⅩture w askept act 50oC fo rlO min. The
mixtu re w ashea[ted againto 90
oC andkeptfo rlO min. T he s o且ution w a s cooled do wn
to ro o mternpe r ature and sto red for 5 days･ T he c oprecipitate w asflliered out a nd
dried ov erpho spbo r ou spe血a o xide atr o o mte 叩 er at11re･
Po wde rX 一風ayE)畳鰍汲C鵬o弧(P X 鼠恥)Mea s Ⅷ 陀 m e mt
PowderX -racydi 飴action w a sc a ried o ut o n aRigaku M in淵･e xdi飽acto mete r
(Rigaku Corporation,Japan)I M e a su rem e nts w er eperfTorm ed at30 kV v oltage, 15m A
c urr e瓜
,
a sc a n n mgspe ed of4
o mi h
-I
,
a NiBlter and a r adiatio n s our c e of CuKα .
瓦m 鮎 陀d(宜汲)S野e C☆柑 S C OPy
T he m e asur e m erlt W as Carried o utbythe K Brdisc m ethod at a resolutio n of2
cm
-1
for32se am susingJas c oFTJ R 23 0spe ctrophoto m ete r(Ja s co,Jap an)
So溢血-s 蜘 e 野且岨 0 陀SC C弧C eSpe c☆TOSC叩y
An FP-6500nuo r es c e nt spe ctr o m et r(Japan Spe ctros copyCo. , Ltd., Japa n)
w as u s ed for stationa ry Bu o r es ce n e spectro scopy･ Po wde rsamples were丘Iled irltO a
&orltfac erenectan c e cell(FP-1060). Solid-state 伽 o r es cence emis sion spectra of F B P
w ere obtained bye x citation at262.7n m.
D ぬ rm畳naせio m o紺 取P 鮎co vcr ed畳弘 也eFi祉柑食e(D 畳ss oh,ed or as Na nopari畳cles)
Fi丑y mgof G Mw as s u spe nded in 10 mi distilled w ate randthe s u spe n sio n w as
sonic atedfo r2 min･ T he suspe nsions ofGM w er efilte redthro ugh O18 pm m e mbr a n e
filter(M illipore, M A, U S A). T hefiltr ates w e r ediss olved withethan ol. T he a m o u nts
ofF BP w e re spe ctrophoto m etric aly dete rmined at a w avelength of 247n m using
Shim adzu U V-160spe ctrophotom eter. The a m o u nt ofF B Ptothetotala mo unt of F B P
inthe suspensio n w ascalcuhted a nd e xpre s sed a stheper c e nt
.
,
ofrecovery･
15
P汲鵬鼻血 Siz昏A放免抄容量s
The G M w a sdispersed indistilled w ater a nd s o nic ated fo r2 min. The
v olu m etricparticle siz edistribution ofea chs uspe nsio n w a sdeter min ed bythedyna mic
light s c attering m ethod u shg M icrotrac U P A
⑳
(Nikkis o, Japan; Me a s u r em erlt ra nge,
0･003-6pm)I Pa rticle sla rgerthan 0･8pm were c ut off byfiltr atio n ofthe s u spe n sio n
withm e mbr an emterbefor ethe m e a s urem erlt.
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且. So且覗恥孟嵐 Si覗戚
T heirltaCtP R Ke xhibitspo or wettabilty and e xtrem elylow aque o llS SOlubility.
The s olubilz ation by usingC Dsis am ethodto e nhan c e s olubility a nd bio a v ailabilityof
po orly w ate r
- soltLble drugs･ In this study, s ev en kinds of CDslisted in Table 1 w er e
u s ed in attempt to impr o v eP R Ks olubility. T he phas e s olubility diagr a m s ar e
illu strated in F畳gs･容-9･ The c o n c e Ⅲtratio n of C Ds u sed w a sinthe ra nge &o m0to 45
mM
,
while the c onc e ntration o叩 - C Dus ed w a s upto 0-15mM bec ause oftheli mited
solubility ofβ- CD. The solubility ofPR K in w ate r w asestim ated as 0.0043m M
(0･0021mg/mi)at30oC･ Thein cr e a s einP R Ks olubility w as obs er v ed bythe addito n
of α - C D
, β- C D a nd †- C D. β- Cyclode xtrin sho w ed the gr e atest s olubilizing effe ct
a m o ngthes ethre epa r e ntC Ds;the appa r e nt s olubility of P R 監in ap血 ea uregio n W a s
加 ndtoin cr e a s e abo uts e v e ntim es･ T he diagram s of比 - C D and†- C Dw ereALtype,
whi且ethB[t OfP- C D w asBstype. The stabilityc o n stants(Ks)wer e64, 648and94 M-1 for
α - C D
,β- CDa nd†- C D,r espectively. Stl fo butylether-β- C D, HP-β- C D, D M-β- C Dand
T M-β-C Dals o e xhibited go od s olubilizing e飽ct. At40m M of C Dsf c o n c erltr ation,
P R 監s olubi且ityin c r e a sedto abo ut0.085rnM for H PサC Da nd D Mlβ- C D, and upto
O･11m M whe nS B-β- C D w as u s ed. Nev e rthele ss, T M-β- C Dsho w ed slightlylo w er
s olubnizing e飽 ct thanpare ntβ- C D.
､
The in cre as einPR Ks olubility l n CD s olutio n mighi be aris e n舟o m the
in clu sio n of P R Km ole c uleinto C Dc a vityinthe aqu e o u sphas e･ Co- grindingbetw e n
P R監 a nd C Ds w a sperform edtoin v e stigate the inclu sio n c o rrIPle xfor matio n and the
inte ra ctio nins olidstate.
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拙 者
聖 地
β-Cyclode xtrin w as cho s e n asthe 丘rst co -grinding additv e. The c o-grinding
betw e enβ- C D and P R Kw a sperform ed at2:1 m okLr r atios by m e an s ofvibration rod
mi 11･ Tw o kinds of β- C D of differ e nt w ate r c o nte nt, β- CD a nhydr ate a nd
β-C D･10･5 H20, w er eu s ed as a n addit ve･ A 鮎r co- grinding,thepo wde rspe cim e n s of
the GM s e xhibitedquite differe nt appe ar an ce. Theβ- C D･10.5 H20/P R KGM bec am e
stiffm as s and clu ngtothe grindingc ell. A鮎rhar v ested,the G M w a spulv e riz ed with
m o rtar andpe stle･ Onthe otherha nd,β- C Dahhydratem'R 監 G Mw as丘mepo wder a nd
c o uld be easilyha r v e sted.
園長欝硯 陀 且Osho w sP X R Dpattems ofP R K,β- CDs with differ erlt W ater C o nte nt,
the P Ms andthe G Ms at2:1 m ola rra.tio(β- C D:P K). Pr an1uka st crystals e xhibited
sharp X-r ay di飽a ctio npe aks aEt20: = 3.3, 9.9, 14.4, 16.6 and 19.
o
. On the P X m
pa[tte m of P Ms, dif&a ctionpeaksdu eto P R Kw er e cle a rlyobs er ved as s m allpe aks and
overlapped with P X R 皿peaks ofβ- C D･10.5 H20. A 比hough co-grinding withβ- CD
a nhydrate Ⅱ凪dethePX R カp血te rrB Of G M halo sugge stingthe a morphiz atio n of P R K
andβ- C D,thepe akofP R Kcrystals at20 - 3.3o w as stillobs e rved intheP X mpatte m
ofβ- C D･10.5 H20/P R K G M. This indic a:ted that P RK crystals re main ed to s o m e
exte nt, e v en a免e r c o-grindingfor10rnin withβ- CD･10.5 H20.
In c onve ntio n alas s es s m e nt of dr ug s olubility, s olidspecim e n s ar edispe rs ed in
a m ediu m. A 洗er equilibrated, ir u oluble 鉦a ctio nis r e m oved by fltratio n with a
m e mbr ane mte r佃o r e size0.2-0.8pm) andthe nthedr也gc o n c e ntr atio ninthe丘Itr at占is
determin ed by appropriate m ethod, such a sUV determin atio n o rH P L C･ Ac c o rd ingto
the c o n v e ntio nal m ethod
,
w e 戚te mpted to determin e P 臥K s olubility u smg
β- C D･10･5H20 /P R K G M. Whe nthe G M w asdisper sed inw ate r, m o r e striking w a s
that the wettability a ndthe aqu eo us dispersibility w ere foundto be quite impr o v ed
(F孟g･且且)I The G Mpo wderdispe rs edquickly a nd e asilyaRerdispersingin w ate r. T he
s u spen sio n s w e r efltr血ed thro ugh 0.8 pm m e mbr a n efilter a鮎r inc ubating the
s u spe n sion at30
oC, ho w ever, the filtr ate ofthe β- CD･10.5日20仲R 監 G MstlSPe nSio n
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Fig･10 P X R カ Patte rns ofP- CD/PRK Syste m s
(a)PR K,(b)β-C Da nhydr ate,(c)β-C Danhydr ate仲R K 2:1 P M,(d) β- C Danhydrate仲R K 2:1 G M
(e)β-C D･10･5 H20,( 那- C D･10･5 H20/P R K 2:1 P M,(g)β-C D･10.5 H20/P R K 2:1 GM
(MolarRatioβ- C D:P R K- 2:1)
2 1
P R 笈 β- C Da nhydr ate β- C D･10.5 H20
GM GM
(a)
(ち)
(c)
Fig･1 1Appear a n c e of Su spe n sio n s a ndFiltr ate s ofhta ctP R Kand GMs
(a)Befo r eSonic atio n,(b)AAerSo nic atio n,(c)A鮎rFiltr atio n(thr o ugha0.8pm m e mbr a n efilter)
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w a sstilltu rbid･ The tu rbidity ofthe 馳ra:te w asfToundto de c re ase whe nO･2 トL m
m e mbra n ealter w as u sed instead of O･8pm m e mbr a n eflter･ The sere s ults s uggested
that P R Kn a n oparticle in the range ofse v er al hu ndred m a n o m ete rs wa sform ed by
dispe rsingtheβ- C D･10.5 H20/㍗RK G M.
Particle siz e analysis w a spe r触 m ed for the s u spe n sio ns a nd 丘Itrate s ofthe
irlta Ct P R 監
,
the β- C D anhydrate仲R KGM a nd the β- C D･10.5 H20/P R 監 G M. T he
dispersion ofirEtaCtP R Kcrystals sho wed do uble-peaked distributio nin thepa rticle size,
r a nge of O･2-20トIm a nd 50-700LL m(Fi欝｡且2汲). Sinc ethe prim ary particle siz e was
e stim ated as ar o u nd 10トL mby particle siz e a mlysisin dry pr o ces s, 也eparticlesinthe
larger r egio nW e reC OnSideredto be found as a r e s ult of aggregatio nbetw e e nP R K
particles andtheparticleshthe s mallerregio naS W elトdispersedparticle s･ F五霞覗 陀 且2b
sho wstheparticle sizedistributionp8舶e m oftheβ-CD anhydr ate仰臥監 G M. Sin c ethe
filtrate oftheβ- C Da nhydr ate仲沢監 G Mw as slightlytu rbidaite r丘Itr ation with 0.8pm
m e mbr an ef拙er,β- C Da rhydr ate仲R 監 G Mc o uldals opr odu c en an oparticles to so m e
e xie nt･ The r e s ult &o m Microtrac U P A
㊥
c o n- ed the e xiste n c e ofn an oparticlesin
40-700LL mSiz eintheBltr ate.
W ith r ega rd to the β- C D･10.5 H20/P R KGM , the pa rticle size distri butio n
indic atedthe existe n c e of v ery s mallpa rticle s s m alle rthan 1LLm aSillu straEted in
Fig･且2c･ T he me asur e ment o nthe M icr otrac U PA
㊥
w asperfo - edtothe 丘1tr ates to
dete mi e m o r eprecise particle size distributio nin mano m ete r regio n. The siz e
●
distributio npatte m exhibitedapeakat40-80 n m withthe me anparticle size at192n m
(耶g｡且3). Onthe otherhand, theβ- C D anhydrate仲R 又GM exhibitedpo or w ettability
andga v e aggr egate s瓜o atmg o nthe w ate r surfa c e when dispe rs ed inw ater.
Pr anluka st n anopa rticle for m ation 丘o mthe G M w asqu aJ7titativ ely ev alu ated.
Ta 抽 3 sho w s appe ara n c e s andthe a m o u nt ofP R K fo u nd inthe fltr ate a鮎rfllter ed
thro ugha m e mbr ane filter of 0.8pm po r e siz e. T he P R 監n a n oparticle 亜a ctio nfound
inthe flltrateto thetotalP R 監am ountinthe suspen sio nis expr es seda sthe r eco v ery
valu e･ Whe nβ- C D･10.5 H20 仲R 監 G Mw a sdispe rsed inw ate r, as m u ch a s96 %of
PR Kw asfoundto trEm Sfor mto nan opa rticle s. On the otherh?nd, le ssthan l.4% of
23
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Table3 Appear a nc es, Re c ov ery and Zeta-potentialo叩 - C D･10.5 H20/P R K 2:1 G M
andβ- C Danhydr a紐伸R K 2:1 G M
β- C D･10.5 H20 β- C Da nhydr ate
G M G･M
Wettabilityin w ate r
Aqu eo u sDisper sibility
Re c o v e ry(%)
Zeta-pote ntialof Su spe n sio n(mV)
Go od Po o r
Go od Po o r
96 1.4
- 60.8 - 47.3
2 6
P R Ktra nsfor medto n 皿 OPa rticles whe nβ- C D anhydr ate仲R 監 G Mw a sdisper s ed in
w ater･ Dispersibility ofparticle sis affe cted by zeta-pote ntial ofthe s u spension･
ZetかPOtentialofthe s u spe n sio n so叩 - C D･10･5 H20/P R K G Mandβ- C Da nhydrate仲R且
G M w as fo u ndto be -60･8 mV a nd -3 7･8 mV
,
respe ctiv ely･ These re s ults s uppo rted
better disper sibi且ity of β- C D･10･5 H20/P R K G M in c o mparis o n with β- C D
anhydrate/P R 監 G M.
Pran1uka st m ole c ule se em edto betoo large to fo m a stable s olid in clusio n
c o mplex with β- C D by co-grinding method. Ho w e v e r, it w asfo u nd that P 訳濫
n an oparticle s B o u且dbe for med by m e an sofc o-grinding withβ- C D. The abo v e re s ults
als o suggestedthaHhe moistw eduringthe co - grinding pr o cess aife ctedthe e xte nt of
drugn anoparticleform ation.
埋 皇曲
Fo耶弧 a鶴o 汲
T he m oistu r e co rlter[t du ring the co- grind ing proces s was system atically
co rltr Olledto cl甜i卑the effe ct ofw ater am o u rltO n m n OPa rticlefo r m atio n. The a m o u nt
of w ater w as adjusted by adding a de sir able a m o ur[t ofw aterto the mixtu r e ofB- C D
a nhydrate a nd P RK befo r e c o- grinding･ The n, P R Kn a n oparticle for m ation 企om the
G Ms w as e v alu ted･ The am ount of P R K fotmd inthe mtr ate whichpas s edthro ugh
O･8 LL m m e mbr a n e蝕 er w asqu a ntitatively dete rmin ed･ 耶g岨陀 且鵡 sho w sthe
relatio n ship betw e e n r ec ov ery valu e a nd w ater a m o u nt inthe mixtu r esinvarious C D
syster m(m ola r r atio CD:P R K- 2:1). Inβ- CD system;the am o ur[t of w aterduring
co -grin d ing pr o c e ss w as c orltr Olled 丘
･
o m0.75% (β-C Danl1ydr ate G M)to 20 %. The
r es ults showed a nim m ediate sharp in cre a s e ofthe r e c o v ery v alu e whe n the w ater
a m o u nt w asin the r ange of 4-10 %. A lm o st allof P R Ktr an sfor m edto n an oparticle s
whe nthe water a m o urlt W as13 %
,
whilethe a m o u nt ofn an oparticle sde cre as edr apidly
when the m oisture e x c e eded 13 %･ Ai20 %m oistu r e
,
the r e c o v e ry w a sfou ndtobe a s
lo w a s18%.
Fig覗 陀 且5 sho w sthe P X R Dpatte m s of P R K, P
.
･ C D
,
P M and G Ms.
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Pranluka st crystals exhibited sharpPXR Dpe aks at20- 3.3, 9.9, 14.4, 16.6 a nd 19. o .
T hedried G Mc o-gro und w 地 β- C Da nhydrate andtheG Ms c o ntaining4.0 %, 6.5 % and
8･0 % m oistu r e sho w ed the halo X R わpatte m s(F五g･且5d瑠), S uggeS血g . the
am o rphiz atio n ofP RK a ndβ-C D･ Ho w e v er,the P X mpe ak of P RK ai2O- 3.3o a nd
s m allpe aksdue toβ-CD c rystals wer e obs er v ed inthepatte rn s ofthe G Ms containing
in 13 %and 15 %m oistu r e(耶g｡且5畳-A). Whe nthe w a土er am ountin the mixtu r e w a s
incr easedto 20 %
,
the P X R Dpeaks ofP- CD hydrate crystals w ere obs e rved(耶g｡且5k),
showingthe recrystal 血aLtio n ofP- C D by grindinginhighm oistur e c o nditio n.
Va riou sk in ds of c os
,
i.e.
,
α - C D
, †- C D, ⅢP-β- C Da nd T M-β- C D, w er e als o
c o-ground with P R K･ α - Cyclode xtrin and †- C D w er e als o us ed as c o-grinding
additv es(m olar r atio CD:P R K- 2:1). T he r e sults of比 - C D and†- C Dsyste m show ed
the si mi lar m a r me rto that ofβ-C D, i.e. , the sharp inc reas e ofthe r e cov ery valu e
fo llo w ed by rapid de c r e a s e ofthe r e c o ve ry valu e, wher e asthe rr 姐Ⅹim u m r e cov e ry
v alue s w er 86 %and 91 %at 8･0 % and 20 %m oistu rein α- C D and †- C D system ,
r e spe ctiv ely･ The P X R Dpe ak of P R Kat 28 - 3.3
o
a nd s mallpe aks of C Ds w ere
obs e rved intheP X R 抄p如te r ns ofthe G Ms whichexhibitedthehighe str e c o v ery valtle S.
Grind ing G M in ahigher m oistu re c o nditio nprom otedthe r e crystalliz a;lio n of α - C D
hydr虹e(Fig｡且6)andthe appe ar a n c e of†- C D hydr ate crystals(F孟g｡ 且7)re s ulted inlow
r e c o v ery valu e.
In H P-β- C D and T M-β- C Dsyste ms,the r e s ults als o sho wed sharpin c r e as e of
the r e covery value fo llow ed byr apid de cr e as e ofthe re c o ve ry v alue withthe maxim um
re c overy v alu es of 75 %and 49 %atlO %and 5 %m oistur占in H P-β- C Dand T M-β- CD,
respectiv ely. Hydr o xypr opyl-β- C D w asinam orphous statein all G Ms but the s m all
X R Dpeak ofP R Kat 20
- 3.3o w as obse rv ed in the P X mpatter ns ofthe G Ms
c o ntain inglO %and15 %m oistu r e(Fig.且S). The w ater c o rrte Ht Of T M-β- C D its elfis
lo w(0.7%),ther eぬr eT M-β- C D beganto r ecrystalliz e e v en c o-grinding w asperfo r m ed
ato nly5 %m oistu re(耶g｡且9).
It w as fou ndthat the req血ed w ater a m o u nt to obtain m axim u m r e c o very
value s w asdiffer e rltin e ach syste m. T he re e xisted an opti皿 血 ra nge of m oist1 肝efor
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Fig.15 P X R D Patte rns ofP- C D/P R K 2:1 G Ms
(a)P R K,(b) β- C D･10.5 H20,(c)P M,(a)Dried G M,(e)Water4 % G M,(り Water6.5 % G M,
(g)Water8 % G M,(h)WaterlO % G M,(i)Waiter13 % G M,”)Water15 % G M,(k)Water20 % G M
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Fig.16 P X R D Patte r ns of比 - C D 仲R K 2:1 G Ms
(a)P RK,(b)α - C D･6H20,(c)P M,(d)DriedG M,(e)Wate r5 % G M,
(i)Water8 % G M,(g)Wate rlO % G M,(h)Wate r15 % G M
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Fig.17 P X R D P如ter n s of†- C D仲R 且 2:1 G Ms
(a)PR K,(b)y- C D17H20,(c)P M,(d)DriedGM ,(e)Water5 % G M,
(i)Wate rlO %GM,(g)Wate r15 % G M,(h)Water20 % G M,(i)Water30 % GM
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Fig.18 P XR D Patte m s of HP-β- C D/PR 監 2:i G Ms
(a)p R 監,(b) 肝 -β-CD,(c)P M,(d)DriedG M,(e)W 蝕er5% G M,
(りWate rlO% GM ,(g)Wz(te r15 %GM
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Fig.19 P X R D Patte r n s of TM
-β- C D/P R K 2:1 G Ms
(a)P R K,(b)T M-β- C D,(c)P M,(d)Dried GM ,(e)Water5 % G M,
(OWate rlO% G M,(g)Water15% G M
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n a n oparticle for matio n, a nd the m oistu r eplayed an impo rta nt role for na n oparticle
for matio n･ T he afFlnii esbetw een C Dm olecule sin c re a seddu ringthegrinding pr o c es s
in higher m oistu re c o nditio n･ T he incr ea se in the a孤nity betw e e nCD m olec ule s
cau s ed re crystalliz atio nof C Ds,lo w er a飽nities betw een C Ds and P R Km ole c ule s
,
a nd
c ons equ e ntlyle ss m 弧 OParticlefo r m atio n.
Ithasbe en reportedthat α - C D,β- C Da nd†- C D had m a xim u rn hydr ate for m s
of 61120, 12 H20 a nd 17H20, re spe ctiv ely
12ト125)
,
a nditsho uld be rlOtedthat agr eat
a m ou nt ofn a n oparticle s c o uld be obtained whe nthe a m o unt ofw ate rhthe miⅩture w as
alm o st equaltothe wate ra m o u ntin e ach hydr a紐 ぬr m･ These r es111ts s ugge stedthat
the hydrate 払 m s ofC Ds mightplay animporta nt r ole inthe n a n oparticle fo r m atio n.
T he CD hydrate 触 m mighihave much s uperior a銃niiyto P R Km ole c ule stha nthe
a nhydrate fo ∞. This re鮎 cted inthe di飴re nc e ofthe degr e e of drug n an oparticle
fo r m atio n.
A
By c o ntr olling w ate r c o nte nt a氏er c o-grinding pr o c e s sby storingβ- C D/P 服
GMs(m olarr atioβ- C D:P R K- 2:1)at40oC and 82 % R.H. ,the r ole ofw a;ter m ole c ule s
in n a n oparticle fo r m戚io n w asin v e stigated. The r e c overy v alues ofthe G Ms befor e
and a鮎 rthehud di魚c atio n a r e Sho wninFig.20.
Fo rthe GM pr epa r ed withβ- C Da nhydr ate a ndthe G Mc o- gr ound with 4･0 %
m oistu r e
,
the r e c o v ery vahle S Slightly m c re as ed a鮎r the hu midific at o n but still
r e m ain ed belo wlO %. Ev e n a鮎rthelo ng-ter m sto
'
rage at c o nditio n s ofhigh hu midity
(5 m o nths),the G Ms w 地 13 %a nd 15 %w ate r a m o u ntstillshow edhighre c o v ery v alu e
m o r ethan 90 %. Althoughthe m oistu ∫e du ring co-grhding pr o c e s s slgniflC a ntly
affe ctedthefo r mation ofdrug particle, the m oisttlr eCOndito n a洗er c o
-grinding pr o ces s
hadn o signiBc a rltin飢Ie n Ce O ndrug particlefo r m atio n･
Figu 陀 2且 sho w sP XRD patte m s of the GMs befo r e and aaer the
hu midifc ation. The P X R Dpe aks of β- CD hydr ate w ere obs erved aRe r the
hu midiBIC ation
,
indicdingthe r e c rystallization ofP- C D∴ TheP X R Dpe ak of P R 監at
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Fig.20 C ha nge sinthe Reco v ery ofP- C DrP R K 2:IGMs a鮎r Humidi毎払gat40oC, 82 % R.H.
(a)β-C Da nhydr ate G M,(b)Water4 %GM ,(a)Water13 %GM ,(a)Water15% GM
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Fig.21 Cha ngesintheP XR D Patter n s o叩 - C D 仲R K2‥1 G Ms a鮎rHumi di& ngat40
oC, 82 %R･ H･
(a)ド-c Danhydr ate GM ,(b)Wa主er4 % G M,(c)Water13% GM ,(d)Wate r15 % G M
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3･3o c ould be obs e rv ed in ailG Ms a鮎rthe hu midiFIC ation･ Fo rthe G Mc o- gr o u nd
with 13 %a nd 15 %w ate r a m o u nt
,
theP R Kpe ak hte n siiy a洗erthehtlmidific atio n w as
highertha nthatbefo r ehu rnidi&c atio n.
地
軸
Thein鮎 en c eofP-CD c o nte nt o n n a n opa rticle fo r m ation w asinv e stigatedby
alteringthe mixing m ola rr atio 魚
･
o m2:1to 1:1 a nd1:2(β-CD:P R K). The m oisture
c orltent Ofthe mixtu r e w as adjusted in e a ch system . T he re cov ery v alu es of e a ch
syste m ar e sho wnin F孟富.望2 a ndtheP X R Dpa#e ms ofG Ms of1:l and1:2syste m s ar e
sho w nin 鮮魚g臥23汲汲姐 2 乱 Re c o v ery of P R Kn a n oparticle w a sin cr e a s ed withthe
in cr e a s e of w ater a m o u rlt 弧dthe m a xim u m re c o v ery v alue achie v ed 95 %at lO %
m oistur e a ndthe nde c r e a s ed hhigher m oistu r e c o nditio nduetothe r e crystalliz atio n of
β- C Da s c o nfir m edbyP X R Dpatte m . In1:2 syste m, the m a xim u mre c overy w a s o nly
57 %obtahed at8 %m oistu r e.
T he a m o u rxt ofw ater requiredto a chieve m a xim u m rec o v ery w a s equaltothe
w ate r co ntent ofβ- C D･12 H20, ho w e v e rthe per c e nt of w aierinthe m由 ures w a s
diffe r e ntin e a ch syste mbe c a u setheβ- CD/P R Kratio va ried. The res ults sho w edtbB[t
PR Kn a n oparticles c ould be effe ctively pr odu c ed e v e n whe nthe am our[t o叩 -C Du s ed
w as reduc ed &o m2:1to 1:1 m lX mg ratio･ Ho w e v er, the r ecov ery valu ede c r e a s edto
57 %whe nthe am o u nt ofP- C Dus ed was redu c edto 1:2 miⅩingratio･ Ther efo re,the
optim u mβ- C D c o nte nt for P R Kn a n oparticle forrhatio n w asfoundto be 2:1ムr 1:1
m ola r r atio(β-CD:P RK).
き 幽 艶
Toin v e stigatedr ug n an opa rticlefo rm atio ndu ringthe c o
-grinding,β- C D/P R K
w ater13 % G M(m olar r atioβ- C D:P R 監- 2:1)w ere prepar ed at thegrindingtim e of1,
3, 5, 7 a nd lO min. Each G M w a s me as ured for P XR D patter n, particle siz e
distributio npatte m a ndqu a rltitativelydete rmined fo rP RK recov er ed a snan oparticle s･
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Fig.23 P X R D Patter n s ofP- C D/P R K 1:1 G Ms
(a)P R K,(b) β- CD,(c)PM ,(d)Dried G M,(e)Wate r5 % G M,
(i)Wate rlO% G M,(g)Wate r15% G M
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Fig.24 P X R D Patte m s ofB- C D/PR K 1:2 G Ms
(a)P Rji,(b)β-CD,(c)PM,(a)DriedG M,(e)Water5% G M,
(i)Water8% GM,(g)W庄terlO % G M,(h)Water15 %GM
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T he re c o v ery V a且u e a nd PXRD p&ue r n ar e show nin F畳gs｡望S 姐戚26, r espectiv ely. T he
トminGM e xhib 鮎dlo w re ¢o v e ry(8 %),ho w e v e r, the re c o v ery of3- min GM w a s96%
which m e a nHhai alm o st allofP R Ktra n s払r m edto na noparticles a鮎r c o- grindingfo r3
min. Fr o mthe s e re s ults, theinter a ctio nle adingto n a n oparticlefo r m atio n s e e m edto
be c ompleted inthe 鮎st3 min ofc o- grinding.
The particle siz edisiributio npatte r n s ofβ- C D仲R K P M, ト min G M a nd･
10- mi私 GM a鮎rdisper sing m W ate r a r e Sho w nin F量欝.27. Me a nparticle sir.e Ofthe
*
P M w a s26.3pm a ndthe sir.edistributio n showedparti¢le sin r a nge o
'fO･9-30 トL m with
peaktopi
,irO u ndSISpm ･ A鮎rgrindingfo r1 min,theGM corltained s m alle rparticles
in the ra nge ofO･3-20pm 島 Particle slargerth弧 20 pm w er e n ot obse rv ed a nd the
m e anpa rt主ele siz e w a sde cr e a s eto4･3LL m･ Particle size was m u chr edu c ede v e n a鮎r
grindingfo r o nly1 min,ho w ever, PRK particle sin na n o rn ete r siz e w er ein slgnific a nt･
T hepatte m s ofG Ms c o
-gr o u nd fo r3-7 min wer e similartothat oflO
･min G M･ T he
paue m sho w edthat the G Ms u spe nsion m ainly c o n sited ofPR Kn an oparticle s･ T he
me an particle siz e ofP R K甲n OParticle sinthe 丘Iirate(<0･8 pm)of G Mspr epared at
di駄re ntgrindingtim e主s sho wninF畳g･2臥 The m e anpa rticle siz ede c re as ed 愈o m
289
to 140n m withthe e xte n sio n ofgrindingtim e丘o m3to10mh･
ぬ 主監塾馳 睡
Topr odu c edr ug n an oparticle s, s uitable a m o ur=tofw at
erinthegrindingsystem
is a nindispe nsable fa cto r, how e v er, the r ole of w ate r m ole
c ule in the n an oparticle
fo r m ationha s n otbe er m nder sto od w ell. The chemic alr e action, fo r e x ample, apr oton
tr an sfe r
,
mightbe o n e ofapo s sibility for n a n opa rticlefo r m atio n
･ The r ole ofw ater a s
aproto ndo n o r- a cc epto r w asinv estigated by u s mg a n otherpr oto
n do n o r- a c c epto r, ur e a,
as agrinding m ediain ste ad ofw ate r･ β
- C Da nhydrate and P R 監w er emiⅩed and ur e a
(o-20 %w/w)w asaddedtothe mixt?r e and mix edho m oge n e ouslythe nthe
mixtu r e w a s
c o-gr o u nd fo rl Omin･ The r e cove ry v alu e s o
fG Ms ar e sho wn in Fig･29･ Ev e n u r e a
w a s added u ntil 20 %, all G Ms e xhibited low r e c ov ery valu e(<15 %) indic ating
in slgniflC a =t n a n OParticle fo r m atio n･ TheP
X m patterrBOfailG Ms sho w edthat the
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Fig.26 P X R D Patte ms ofP-CD 仲R K 2‥1(Wate r13 %)GMs atEach Grind ingTim e
(a)p M,(b)1- min G M,(c)3- min G M,(d)5- min GM ,(e)7･ min G M,(り10- min G M
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Fig.3 0 P X R D Patte rn s ofP- C D/P R 鑑 2:1 G MsUsingUre a a saCo-grinding Media
(a)Ure aO% G M,(b)Ure a5 % G M,(c)Ur e alO %GM ,(d)Ure a13 % G M,(e)Ure a
15 %GM ,(i)Ure a20% G M
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G Ms were a m o rphotlS a鮎 rgrinding(F五霞｡30). Fr o mthe s er e s ults,the w ater m ole c ule s
mightn ota ct as apr oto ndo n o r- a c c epto r.
蜘
To in v e stigate the m e cha nis m of P R Kn a n oparticle fo r m atio n, la cto s e,
D- m annitol, M C Ca nd u re a w er e u s eda s c o-grinding additiv es･ The c o瑠rinding w as
perfor m ed at 5:1 w eight r atio(additv e:P R K) 触 10min. Po wde r冗-r ay di飽a ctio n
patter nsho w edthat the GM with u r e a a nd M C w as a m o rpho u s, ho w e v e r, the G Ms
withD- m a n nitola nd lacto se w e r e n ota m o rpho u s a鮎 r c o-grinding(F畳g.3且). All G Ms
exhibited v ery lo w r ec o v e ry belo w 4 %(F最欝･32), de m o n strating n o n m oparticle
払r m atio n.
Thefu rtherinve stigatio n w a s c a rried o utinthe ” - m a n nitolsyste mto e v alu ate
the e飽ct of m oistu r e c o ndito n o nthe n a n oparticle fo r m atio n. The c o-grinding w as
c ar riedouta鮎 r addito n ofw ate r(5.0%)to七ぬ mixtu r e(F孟琶･33). The re c ove ry v alu e,
ho w e v e r
,
w astill belo w1.0 %,indic atingthat the m oistu reduring c o-grinding pr o cess
had no in 伽 e n c e o nthe P R Kn a n opa rticle fo r m ation in D - m aTmitoI syste m. T he
effects ofgrindingtim e and D- m anniioic ontent on the n anoparticle fo r maiio n w er e
inve stigated asw el. 馳 e nthegrindingtim e w a s e xt ndedto60 min o rthe c o rlterltOf
D- m an nitol w asin c r e a sed&o m5:1to9:1 w eightr atio(D- m amitol:P R K),the re c o v ery
ofthes etw oGMs stillrem ainedbelo w lO %. Inthe9:1syste m, e v e nthegrindingtim e
w as furthe r exte nded to 1 or 2 ho u r s, the r e c o v e ry w a s stillo nly ar o t md 12 %.
Therefor e,it c a nbe co n cludedthat ther e w er e n o slgniFIC a rlt n a n OParticle for m atio nin
D- m a n nitol syste m eve n tho ughthe c onditio n sduring c o- grinding pr o c e苧S, i･e･ ,
m oistur e, g血dingtim e andconte nt ofadditv e s w er eali red･
Fr o mthe s e re sults, P R Kn a n oparticle fo r m atio n c a nbe c o n sidered as a
●
partic ularphe n o m e n o nt C Ds, sinc ethe n an opa rticle s c o uldn otbe obs erv edby u sing
other c o-grindingad ditv es such a slactose, D - m a n nitol, M C Candure a･
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Fig.31 P X R D Pa此erns ofG MsPr epar ed withVariousA dditive s
(a)Lacto se GM,(b)D- Ma n nitoIGM ,(c)M C C G M,(a)Ur e aG M
(WeightRatio A d itv e:P R K- 5:1)
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機 転 墜 L塑盛軸望
Co m戚絶息o 弧S
The 鮎rthe rgrinding atdi飽re nt m oistu r e c o nditio n sw a sperfo rmed fo rthe
β- C D･10･5H20/P R KG M 弧dthe防- C Da nhydrate/P R K G M. Atfirst,the effe ct ofthe
re m o v al of w ate r 鮎 m G Ms w a sex a min ed by drying GMs at l10
oC fo r3 h. As
shownin F畳鷺. 朗 , no changeinthe n a n oparticlefTo r m atio n wa s obs erv ed aRerdrying at
llOoC 簸)r 3 h. Ne執 the appe ar a n c e a nd dis appe ar a n c e of n a n opa rticles by
c o-grinding w e r ein v e stigated by r egrinding of GMs a鮎rthe dr a stic cha nge ofthe
w ater a m o u nt. Whe nthedrieds a mple o印 - C Da nhydr atem'R KG Mwhichsho w ed n o
n a n oparticl¢ 払r m B[tio n w as蝕rthe rgr ound with13 % distilled w ater,thedrasticinc re as e
ofthe r e c ove ry w as obs e r v ed. On tb.e otherha nd, signifTiC a nt n a n OParticlefo rm ation
w a s n ot obs er v ed whe n the β-CD･10.5 H20/P RK G M w a s蝕rthergr o u nd in lo w
m oistu r e c o nditio n. Ⅰt c a nbe c o n cluded that the presenc e a nd abs e n c e of dr ug
n a n oparticle for m B[tio n w er re v er sible depe nd ing on the e xiste n c e of w aterdu ring the
grinding pro c e ss･ To pr odu c e n a n oparticle,s, w ater w as n e cess ary o nly du ringthe
c o-grinding pr o c e ss･ On c ethe n a n oparticles w e re fo r m ed, w ate rhad n o significa nt
inBu e n c e asthedrying orhu血diBc ationhadn oe免ct o nthe r e c o v e ryofdr ug particles･
&
W bn β- C D･10.5 H20 仲R K G Mw a sdisper sedin w ate r, m o st of P R 鼠w a s
tr an sfo r m ed to n an oparticles su spe nding in the m ediu m･ The s eparticles migh土 be
disper sed asc o a c e rv ate or c rystalliie for m; o主other wis eparticles c o uldc o n sit of a
c o mple x of C D a nd P R K･ Thu s, it is e s se ntialto inve stigate the pr ope rties of
n an opa rticle s and how particles s u spe nded inthe aqu e o u s s olutio n･
The s u spe n sio n ofP- CD･10.5 H20/P R K 2:1 G Mw aspas sedthrough O･8 pm
m e mbr a n efibe r
,
the ntheparticle s suspendedin thefiltrate w er e c olle cted o nO･1pm
m e mbra n e仙er. Po wder X -r ay di放a ctio n w a s c a rried o utfo rthe particles o nthe
m e mbra n eflte r and the r e sults are show n in 耶g･3 5･ The n a n oparticle s e xhibited
sharp P X mpeaks at20
- 9･9, 14･4, 16･6 and 19･9?I Sin c ethisP X R Dpatte m w as
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identic altothat of P R Kcrystals, it w as c o n cludedthat theP R Kparticle sdispe rsi ngl n
w ater w er e cTyStalite ofP R K.
T he syste m c o nsisted of very s m au particle s is as s u m ed n ot to be
therm odyna mic allystable a ndthe particle siz ete ndstoin c re as eby crystalgr o wth of
prim a ry particles o rby aggr egatio n betw e e nparticle s･ To e stim ate the
physic o chemic alstability ofthe P R Kn a n opa rticle sin aqu e o u ssolution, thefiltr ate s of
β- C D･10.5 H20 /P RK GM s u spe n sio n s w e rein c ubated at3 0
oC a nd a n alyz ed fo r siz e
distributio npatter n s atde蝕血einte rv als.
W hen distiled w ate r w a s u s ed a s adispersing m ediu m(W畳g･36汲), thefiltr ate
im m ediatelya鮎rFiltr atio n sho w edparticlesiz edistribution betw e e n40-800n m a ndthe
m e a npa rticle siz e w as192n m･ A 鮎rtheir mbatio nfTor3 days, the siz edistributio n
pattern shi鮎dtola rge r r egio n a ndthe me anparticle siz ein cr e a s ed 鮎 m 192to482nm ･
◆
Thein c re as einparticle size w as c o n sider eda s a r e s ult oftheno c c ulation or aggr ega[tio n
betw ee n n a n opa rticles･ This consideratio n c o uldbe s uppo rted &o m the S E W
photogr apha s sho w ninF豆g･37･
Inthe cよse ofthe H P MC and P ∀Paqu e o u s s olutio n s(F孟g.3 軸 汲n鵡 c), authe
pattem s e xhibitedpa rticle siz edistri bution in the ra nge of40
-800 m m･ At 蝕st, the
particles ar ound40-60 n m w er e obs erved a ndthe curv e sgr adualy shi鮎dto large r
r egio n aSthe inc ubation tim ein cr e as ed･ This re s ult sugge sted that the pr 皿 ary
pa rticle s obtain ed aRerthe dispe rsio n of G M inthe aque ou s s olutio nhad aparticle size
ar o u nd40-60n m･ The particle siz ethe ngr adu ally incf e a S ed withthe elongatio n of
in c ubatio ntim ebutnoparticlelargertha n800
､
n m w as obs er v ed･ Cha nge s
'
inthe mea n
pa rticle siz ebythein c ubation a re sho w nin Fig｡3S｡ When H P M Ca nd P V Paq
ueo u s
solutio n s w er e u s ed,th me an particle siz edidn ot change e v e n a洗er3 daysin c ubatio n･
The si mi lar results w ere obtain edin c as e ofβ- C D･10.5H20/P R K 1:1 G M(Fig･39)･
A &erinc ubatio nfo r5 days,the m e a nparticle sizein c r e a s ed &o m185to 48ln m whe n
distilled w ater w a s u s ed asadispers mg m ediu m, whilethe m e anpa rticle siz edidn ot
◆
change when H P M CandPVP aque o u s s olutio ns w ere us ed･
The zeta-potential ofthe e a chfilir ate W asfn e aS u r edduring
the 蝕st48 ho ur s
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Fig.36 Cha nge sin Cu mulativ eSiz eD istributio nCu rv es o叩
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Fig.37SE MPhotogr aphofPR 監N an oparticle s(0･1-0･8pm)
o nMe mbr an eFiⅠier
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(W孟欝･ 舶)I Whe npolym er aqu e o us s olution w as u s ed as adispersing m ediu m, the
鰍 ate ofP- C D･10･5 H20/㍗RK i:1 G Mexhibited higher z eta-potential(abs o且ute valu e)
tha nthat whe ndistilled w ater was u s ed･ It ha sbe e nreportedthatthe additio n of
polym e rpr ovided highly stable s uspe nsion du eto the steric hindr a n c ebetw e en the
ads o Tbedpolym erlayers
126,1 27)
･ The ads o Tbedpolym erlayer alter edzeta-pote ntialof
particle sto be n e ar z e r o
127) It c a nbe co n side r edthatpolym er s w o uldads o rb o nthe
s u rfa c e of dr ug particle a ndpr e v e ntthe aggr egatio nofn a n opa rticles･ Co ns equ e ntly,
the stabilityofPRK n a nopa rticle sin aque o u s s olutio n wa simpr o v edbythe addito n of
w ate r-s oRublepolym e r.
監 嘩 塩
The m ethod ofc o-grinding with cos w as applied a s a m ethod to pr epar e
n an oparticlestothe othe rpo o rlys olubledrugs, e･g･ ' nurbipr ofe n, O N O-8713,phenytoin
a ndgliben cla mide･ Ea ch dr ug w a s c o瑠r O Ⅶd withP- CD･10･5H20 at5:1 w eightr atio
(β-C D:dr ug)forlO min･ The G M w asthe n dispe rsed into distilled w ater a nd
qu mtitativ ely dete rmined fo rdr ug r ec o ve r ed in the 61trate(Elter edthro ugh0.8 pm
m e mbrane 蝕 er)a ndthe r es ults ar e sho wnin 野i琶 胤 Flu rbipr ofe n and O N O-8713
e xhibited highre c o v ery v alu e(>50 %) while phe nytoin and glibe n clami de ekhibited
re c o v ery value ofonly27 %and 15 %, r espe ctively.
Toinve stigatethe nanoparticle form atio n ofO NO -8713, c o-grinding betw e en
O N O-8713a ndβ- C D wa s carried o ut･ The grinding m ohr r atio(β-CD:O N O-8 713)
w a s v aried as1:2, 1:1, 2:1 a nd 5:1･ To e v alu atetheinnu e n c eof m oistur e c orltent,the
m oistu r eduring the c o-grinding pro c es s w as c o ntr olled to be 2-16 % by adding .a
de sirable a m o u nt of w血erto the P Ms ofP- C Da nhydr ate a nd O N O-8713. Po wder
X -r aydif&action a n alysis re vealedthat the G Ms w e re existed in a n a m orpho u s state
whe nthe m oistu re co nte nt w as c orltr Olled &o m 2to 12% ･ The cha nge sin P X m
patte m as afun ctio n of w ate r c o ntent w as simi la rto that ofpr anlukast system .
C ha r a cteristic P X R Dpe aks ofboth O NO -8713a ndβ- C Dcrystals w er e observed whe n
the m oistur eco nte血 w a s m o rethan 12 %. The G Mpo wder of O N O-8713axldβ- C D
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w as dispers edinto distiled w ate r s oas to e v alu ate the n a n oparticle for m atio n. T he
particle siz edistributio n of G M s u spe n sio ndetermin ed by using Mic rotr a cF R A
⑳
indic atedthe existe n c eofFm eparticle s s m auertha n1pm(耶欝.42). The n a n op圧rticle s
inthe r a nge of40-200nm wa s obse r v ed w 姐 the v olu metric m ean particle siz e of 120
nm a洗e rthe suspen sio n w asFliter edthr o ugh0.8 pm m e mbra ne(M ic r otr a cU PA@)
(F孟g･43)I Micr o n-siz edpa rticlesinthe s u spe n sio n w erc ut oぼby0.8pm m e mbr ane
filter andthe a m ount ofON O-8713n a n oparticle sfo u nd inthe 馳r a土e w asqu a ntitativ ely
deter min ed. F畳欝覗 陀 舶 sho w sthe e飴ct ofP- C Dco ntent a nd w ater am o tlnt i the
mixtu re s o nO N O-8713n a n opa Tticle ぬrm atio n in β- C D syste m. Re c o v ery of
ON O-8713n a n opa rticle w a sin c r e a sed withw ater c o nte nta ndachie v ed m a xim um v alu e
● ●
at12 %m oistu r e at allm lX mg m olar ratio s a mple s, ho wev e rthe re c o v erydi minishedat
16 %m oistw e. Thede cr e a se ofn an opa rticle a mou nt when m oisture c o rlterlt e x c e ed d
12 %wa s as c ribabletothe r e crystaliz atio n ofO N O-8713andβ- C D du ringgrindinga s
c on鉦 m ed byP X RE)a n alysis. M or e o v er,the system of highe rβ- C Dc o rlte nt e xhibited
higher r e c overy ofn a n opa rticle for m atio n. The m axim u m r e c o v ery w a s as m u ch a s
85 %inβ- C D:dr ugsyste m ata m oku: ratio of5:1a Eld w ater c o nte嘘 of 12 %.
Zeta-poterltial w as me as ur ed forthe 蝕r ated s u spe n sio n s ofG Ms of v ario u s
m olar ra[tio spr epar ed at12 %m oistur e a ndthe r e s ults a r e sho w ninF孟g. 45･ Theintact
O NO -8713 particle shad zeta pote ntial of -1.6 m V, wher e a sthe z eta pote ntial after
c o-grinding cha nged with β-CD c o nte nt. The m agnitude of z eta-poter[tial w as
dr a stic allyin c r e a s ed whe nthe m olar r atio o叩 - CD:O N O-8713w as1:1, which w o uldbe
clo s elyrelatedtothe n a n oparticle for m atio nin distilled w aterbe c a u s ethe r e c o v e ry of
ON O-8713n an oparticle w a s n egligible whe nthe molar r atio ofP- C D:O N O- 8713w aヲ
1:2･ Zeta-potential didn ot change whe nthe hta ctparticle s ofO N O-8713e xisted in
β- c D s olution. It s eem s r e as o n able to con side rthatβ- C D w o uldads o rb o n and
inter a ct with a s u rfa c e ofn a n oparticle sduringthegrin ding pr o c e s s, alter mgthe charge
&o m -1.6 mVto -3 9mV. Theβ-C Dads o rbed layer shouldpr e v erlt the aggr egatio n of
pa rticle sto stabilizethe n a n oparticles.
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T he r e s ultsin chapteron eindic atedthat the m ethod ofc o-grinding with c os
co uld be applied as am ethodforpr epar mg dmg n anopa rticle ofpo o rly w ater- soluble
dr ugs･ The u nde rstandingofthe n anoparticlefo r m atio n m e chanism andtheirlter a Ctio n
betw e e nC Da nddr uglS V e ry l mPO rta nt･ Fro mthe re s ultsin chapter o n e,thepo ssible
m e cha nis m ofn anoparticlefo r m atio n lSPr opo s ed asfouo w lng･
During the grinding pr o c es s, particle size reduction occurred c o ntinuo u sly
alo ng withthe aggregatio n ofparticles, n e ve rthele s sthe pa rticle siz e c o uld not be
r edu c edto submic r o nle v el inthe fm alpoirlt･ h this study, dr ug n a n oparticles c o uld
be produ c edby c o-grindingthe dr ug with C Dsin a s uitable m oistur e c o nditio n. The
po s sible m e chanis m ofn a n oparticlefo r m atio nisillu stratedin 野豆g｡ 楓 Whe ndn lg W as
co- gr o u nd withC Dsin a s1ユitable m oistu r e c o ndition, the w a:te r m ole c ule s w o ulda ct as
alubric arxt atthe m ole c ula rle v el a ndthe refo r eimpr o v egrinding efTICie n cy. W he n
drug w asgrotmd untiltheparticle size reachingman o m et r r egi o n, CD m ole cules woul d
bebou ndto dr ug particles c a u singirlter aCtion at the pa rticle sur払c e. Theintera ctio n
betw e e nC D hydr ate a nd dr ug mighile adtothe form atio n of drug n a n o crystal 1ite s a洗er
grinding. T he C D m ole cule s c o uld for m a n etw o rk str u ctu r ewith n eighboring C D
m ole cule s c over mgtheparticle stwfacetogether witha s olids u rfa ceinter a ctio nbetw e en
●
dr ug and C Dm ole cule s. Cyclode xtrin n etw o rk a ndthe s uitable a m o u nt of w ate r
w ould helpstabilize drug n an o c rystallite s･ W he nthe G Mpo wde r w a sdispers ed irltO
the w ater,t也e C Dm atrixdis s olveda nd 也£ndrug n a n o crystallite s w o uldbe rele a s ed a nd
de v elopedto be n anoparticles su spended stablyinthe w aterwitho ut aggr egatio n･ C D
m ole cules w o uldads o rb on dr ug n 皿 OParticle and be c o m eC D layerpr ev e nting and
aggregatio n ofpa rticle s･ T he s uitable a m o u rlt Ofw ater s e e m edtobe n e c e ss aryforthe
e stablishm e nt ofs u rface intera ctio npr o c e sse and the C D n etw o rk fom atio n･ To
pr oducedrug n an oparticle s, w ate ris n e c e s s ary o nlyduringthegrinding pr o c e s s･ Onc e
theinte r actio nbetw e e nC Da nd P R Ko c curr ed andthe na n oparticle s w er e stabilized in
63
CD m atrix
,
w ater m ole c ule shad n olo nger s唱miFICa ni role･ Ho w e v er
,
this stable
structu r e c o u且d be de str oyedif GM w a s鮎rthergro u nd in dry c o nditio n. The CD
netw ork and the inte r actio nbetw e e nCD a nd dr ug wer ede stroyed by m e cha nic al
stre ngth &o m grinding andthe stable stru cttire C Ouidn otbe form againifthereis n o
suitable w ater a m o u nt duringthe grinding･ Na noparticles without C D laye r wo uld
beginto aggregateto belarge pa rticles.
On the otherha nd, when PR Kw as c o-ground with C D inthedryc o nditio n,ii
s e e m edlikelythat the n etw o rk str u cttw e a nd m ole cuhrinte r actio n sdid n ot take pla c e
ev en particle size ofP R Ksl蜘Iyde c r e as ed･ W 地o ut s uitable am ount ofw ater
,
C D
couldn otbe bo u ndto 弧d inte r a ct withtheparticle s urfa ce, r es ulting m a nin c o mplete
adso rption ofC Da ndc o nseque ntlya n ag gr egatio n ofdr ug particle sboth in GM po wde r
and indispers mg m ediu m .
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Inthis chELPte r, 瓜u rbipr ofe n(F BP)w as u s ed as a m ode且dmlg. Flurbipr o免nis
a no n-ster oidal a nti-inna m mato Ty dr ug which exhibits po or aqu e o us solub肋y(10
pg/mlat25
oC)･ The chemic alstru ctur e ofF B Pis show nin F五霞. 那 . For PR Ka nd
O N O-8 713
,
bothc o mpo unds ha v elarge str uctu r e, the refo re the s olubiliz ation ofthese
dr ugs byin clu sio n c o mplex fo r m atio n with CDs mightbedifrlC ult･ Flu rbipr ofe nis
c o mpar ativ elysm aller m ole c ule a nd iskn o w ntofo m a nin clu sio n G O mPle x withs o m e
c os
l1 5, 12 8)
･ Thein血 sio n c o mplex a nd n a n opaTticle fo r m atio nbythe c o-grinding
w 地 C Ds w e r estudiedbyu singF B Pa s a m odel dr ng.
Flurbipr ofe n w as c o-gr o u nd 主m a vibr atio n mi llwithv ario u skinds ofadditiv e s
at a w eightr戚b of5:1(additv e:dr ug). The additv es used w e r evariou.らkinds ofCDs,
D - m 紺地 oia nd MC C. The G Ms w er ethe ndispers ed inio w a紐r andF B Pre co ver ed in
the 'Fltr 触 a鮎r 肋er edthr o ugh0.8pm m e mbr a n efilter w a squ a fEtitativelydetermined
andthe r e s ults are shown in
一弘払且e 4. For H P-β- CD G Mand D M-β-C D G M, both
G Ms w er e e a sily dis s olv ed a ndthetra n spare nt s olutio ns w er e obtain ed afte rdispe rs ed
the G Ms in w ate r. The per c e nt of F B P fo u nd inthe 蝕r ate w as as highas 77 %,
s ugge sting a s olubiliz atio n of F B P in w ater. The s olubility ofF B P in both G Ms w a s
m u ch impro v ed 舟o m10to 63 0LLg/hd. T he G M withγ- C Dals oga v e a cle a r蝕 r戚e
with 13% F B Pdis s olvedin the s olutio n. Dr ug s olubilityin †
- C D作B P G Mw a s
impr o v edto 90pg/ml. On the othe rha nd, the Flit;ate ofthe G Ms with α - C D
'
a nd
β- C Dw er etu rbid bec auseF B Pn a n oparticle w asfo r m ed ands u spendinginthe 馳 r ate s･
A signific a nt n anoparticlefo r m atio n w as obs er v edo nly whe nP- C Dw a s u s ed with57%
nan opa rticle r e cov ery･ T he m e a nparticle siz e of FB Pn a n oparticle &om the G Mwith
β- c Dw a sdetermin ed bydyn a micligb土s c atte ring m ethod and w asfou ndtobe188n m･
Neithe r s olubilzdio n n o r n anoparticle for m atio n o c c u rr ed inD
- m an nitol a nd M C C
syste m s.
p x R の
,
IR a nd s olid- state nuore s c e n c e spe ctro去c opy were employed to
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Fig･47 Chemic alStructure ofFlurbiprofe n(F B P)
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Table4 Pe rc e ntFlurbipr ofen Reco v e redintheFiltrate(<0.8pm)of Vario us G Ms
GMs
FBPRe c o v er edin
theFiltr ate(%)
†- C D G M 13
Cle arfi吐r ate:
Solubiliz atio nbyⅠn clu sio n
Comple xForm atio n
H P-β- C DG M 77
D M-β-CD G M 77
α - C DGM 12 Turbid Filirate:
Na n oparticleFo r mationβ- C D G M･ 5 7
D - M a n nitoIG M 4
No htera.ctio n
M C GM 5
(WeightRatio A dditiv e:F B P- 5:1, GdndingTim elOmin)
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inve stigate the physic ochemic a且pr opertie s ofe a ch G Ma ndthe 血eractio nbetw e e n
additive a nd F B Pin the m ole c ulw state･ F蜘 陀 4Ssho ws the P X R Dpatte m s of
vario u sG Ms
･ The G Ms with †- C D, HP-P- C D a nd β- CD w e re a m o rpho u s a鮎r
grinding･ On the other hand, theP X R Dpe aks ofaddiiv es w ere stillobs e rved inthe
patte m s ofthe G Ms withDM -β-CD, α - C D, D- m a n nitola nd M C C. The s m all P XRD
pe aks of F B Pwer e als o obs er v ed in the G Ms with D- m annitol a nd M C C. Po wde r
X-r aydi餓'a ctio np奴ter ns ofF B P, c opre cipitate a nd G Msinβ- C Dsyste m are sho w nin
F最g･49･ For c o mparis on, thein clu sio n c o mple x ofP- C D andF B Pw aspr epared by
c opre cipitatio n m ethod at a m olar r atio of i:1･ T he G Mw as prepa r ed by u singboth
hydr ate 血d anhy血ate fo r m ofβ- C D. FILu:bipr ofe n c rystals e xhibited chN a Cte ristic
pe aks at7･2, 10･8, 15･8and 20･6o ･ The copr e cipit如 e xhibitedPX R Dpatte m withthe
chara cteristic pe aks at5･6 弧d 11･2
o
,
s ugge stingthefo r m atio nofc rystallin ein c且u sio n
c o mple x･ On the c o嘘rary, P X R Dpatte m ofthe G M wiihβ- C D hydr ate w ashalo,
indic atingthe a m o rphiz ation ofthe s a mple. The G Mw 姐 β- C Da nhydr ate e xhibited
the am orpho u sPX R Dp奴tern as well･ Ho w e v er, m olecular state ofthe s a mple w o uld
be differ e nt
,
for the re as o nthat the behavio r ofboth G Ms a鮎r dispe rsio ni血 o w ate r
w as m u ch diger eⅠ虹 The 蝕r ate ofP- C D hydr ate仔B P G Mw a squitettubid du eto
n a n oparticle fo r matio n, while that ofβ- CD a nhydr ate仔B P G M w astr m spar e Ht.
β- Cyclode xtrin anhydraterF B P G Me xhibited lo w er re c o v e ry valu e(27 %)tha 皿β- C D
hydrate/ 柑 P G M(57%)I T he s oltlbility e nha n cem e nt a鮎r c o- grinding withβ- C D
a nhydr ate w as obs e rv ed 丘･o m 10to 220 p g/ml･ Theimpro v em e nt of dr ug s olubility
w a s c o n side reda sa re s ult&o mthe inclu sion c o mple xfor m atio n withβ- CD a nhydr ate
du ringc o-grinding.
In愈ared spe ctr a ofthe GMs ar e sho wnin Fig｡50･ T heirltaCtF BP exhibited
the abs o rptio npe akdueto c arbo nylstr etching vibr atio n at1700c m
-l
･ Thispe ak wa s
appar e ntlyshiftedto 1716, 1715a nd 173 2c m
-I
in theF BPe･opre cipitate, H P-β- C D G M
and D M-β- C D, r e spectively, s ugge sting the inclusio n c o mple x for m atio n.
(耶gs･50 弘一d)The m ole c ularirlter aCtio n ofF B Pwith DM -β-CD ･c avity might o c c u rin
thedife r e nt w ay withthat of HP-β-CD sin ce the sh姐 ･patte m wa sdiffer e nt&o m o n e
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(a)F B P,(b)Copr e cipitate ofP- C D:F B P(MolarRatio - 1:1),
(c) β-CD GM,(d) β-CD a nhydrate G M(WeightRatioβ- C D:F B P-
5:1
,
GrindingTim e10 min)
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a n othe r･ A s m allsho ulde r ar o und 1730c m
-1(indic 琵ted w 姐 an a r o winthe figu r e)
w as obs er v ed in a且tpatterns ofthe G Ms withother CDs(F畳gs. 触 一触), whilethe GMs
with D- m a n niiola nd MCC e xhibited sharp c arbo nylstr etching pe ak ofF B Pat1 700
c m
-1
with n o cha ngeintheIRspectr a(F畳gs･ -j)･ The sm allcha ngeinthe carbo nyl
fun ctio n algr o up ofF B Pm ole c uleinthe G Ms withβ- CD,β- C Da nhydr ate, α - C D and
†- C D w as pote ntiauy r ele v a nt to the in clu sio ninter a ctio nbetw e e nF B Pand CD
m ole c ule.
F蜘 陀 別 sho w sthe change sinthe瓜u o r e sc e n c e emissio n spe ctr u m ofFB P by
the c o- grinding withs e ver altype s o叩 -CDs. The e x citatio n w a v ele ngth w as丘Ⅹed at
262･7 n m･ The e missio n spe ctr u m ofthe simple mixiu re of F B Pa ndβ- C Dw as alm o st
identic al to that ofF B Pc rystals, w払ile the e mis sio n pe aks shi鮎d to ahigher
w av ele ngth in al G Ms･ As sho wnin F長官4 凱 , the emissio n spe ctr u mofthe G M with
H P-β- CD de m o n str ated a s am epatte m to that ofthe G M with D M-β-CD. The
e missionpe ak of F B P intho s eG Ms shi 鮎dobviously co mpar ed withtheF B Pc rystals.
To z uka etal一 r epo rtedthat the nuoresce nc e emis sionpeak of 2- n aphthoic a cidshi 鮎dto
a highe r wavele ngth to 2- n aphthoic a cidc rystals whe n the irlCu sio n c o mple x of
2- naphihoic a cidandβ- C Dw asfor m ed byc o-grinding
12 9)
. TheStoke s shi丑 of F B P in
the G M w ould be aris e n舟o m theintera ctio nbetw ee nFBP andβ- C Dsin an e x cited
state･ Withr egardtothe G M w 姐 β- C D,the emissio n spectru mw as alm o st s am eto
the coprecipitate of F B Pand β- C D, sugge sting that the e n vir o n ment ar ound FBP
m ole c ule inthe GM w a s similartothatinthe c opr e cipitate. The refo re, thein clusion
irlter aCtio nbetwe e nFBP andβ- C Dc o uldals o
､
o c c ur
,
togethe r withthe n an oparticle
form atio n, during co -grinding pr o c e ss.
Whe n F B Pw as c o-gro u nd with β- C D a nhydr ate, the inclusion of F BP
m ole cule into P- C Dc avity o c c u rred andthe stable a m o rpho u sinclu sio n c o mple x w a s
form ed a s c o n点rm ed by the r e su放s 食o m IR and nt10 r e SCe n C e SPeCtr O S C OPy and
c o ns equerlty re s ulted in in cr e asing drug s olubility. Neverthele ss, whe n co -grinding
w asperform ed inthe suitable m oistu r eco nditio n, F B Pn a n oparticle sco uld bepr odu c ed
togethe r with the fo r m atio n of
-
in clu sio n c o mple x.
■
T he G M prepa red with β- C D
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c o mple x･ In o rde rto s epar ateF B Pn a m opa rticles a nd F B P dis s olvinginthe w ater, the
filtr ate ofP- C D hy血ate仔B P GM w a sthe n ultr a-c e ntriAlgedat50,000rpm fo r3 0min.
The supe m atLnt a ndthe re sidu e w e requ a ntitativ ely dete mim ed individu auy fo rthe
a m o u nt ofs olubiliz edFB Pa ndF B Pn a n opa rticle, re spe ctively･ The r es ultsin F五官･52
showedthat whe nF B Pw a s c o瑠rO und withβ- C Dhydr ate, 24% ofF B Plo aded w as
tr ans
･fo -ed to be n 肌 OParticle s u spe nding ln Water a nd 33 %of F B P lo aded w as
s olubilizedbyin clu sio n c o mple x払r m a土io n a Jld diss olved in w ate r.
Co-grindingFBP a ndβ-CD a nhydr ate c a u s ed thein clu sio n ofF B Pm ole c ule
intoβ-C Dc a vity･ Howeve rFBP n a n oparticle c o uldbe ･fo r m ed whe n c o-grinding w as
per払r m ed with the s uitable m oisbM e a m o u nt. The existe nce of water m ole cule s
A ～
du血 gc o-g血dinglS a Signfic antfTa cto rfわr n an opa rticlefo r m ation. Wate r m ole c ules
w ouldpr obably hinder也e>fo r m atio n ofshblein clu sio nco mple x, n e v e r血ele ssw ate r
m ole c ules w o uld a ct as agrindinglubric ant a nd abinderfo rC Da nd drug m ole c ules
le adingto 血e 氏)r m atio n of dr ug n a n o c rystallite s a nd c o n s equ e ntly dr ug n an oparticle
fo r m atio n asde s c ribedin chapte rtw o.
A stablein clu sio n c o mple x c o ulde xist whe nF B Pw a s c o-gr o und wi th†- C Do r
s om e othe rC Ds of higher aWl nity,i.忠. , H P-β- C Da nd D M-β- C D. Ho w eve r,the c a vity
siz e of α - C Ds e e medtobeto o s m alltofo r min clu sion c o mple x. The s olubilizing o r
n a noparticle for mation ofF B Poc curred distin ctively ac c o rdingtothe type of C Ds,
which w as r elated to the diffe re nc ein intera ctio n betw e e nFB P and C Ds. The
di飴r e rltiatio n a ndthe under sta ndingofthein clu sio n c o mple xfo r m atio ntogethe rwith
the n anoparticlefo rm atio n r e maintobe 触 也erin v占stigatio n.
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Fig･50 IR Spe ctr a ofVario u sA dditiv e/F B P G Ms
(a)F BP,(b)Copr e cipitate o叩 - C D:F B P(mo.1ar r atio - 1:1),(c)H P-β- C DGM ,
(d)D M-β- C D G M,(e) β-CD arhydr ate G M,( 那- CD G M,(g)α - C D G M,(h)
γ-CD GM ,(i)D- Ma n niioIGM ,0)MC CG M
(weigb土Ratio A ditv e:F B P- 5:1, GrindingTim elO min)
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Fig.51 Solid-stateFlu o r e sce n c eE mis sion Spe ctr a of Va rio u s
C DrF B P G Ms(んe x= 262.7‡血)
(- ･ - )F B P,(- - う Copr ecipiiate ofP-C D:F B P(MolarRatio - 1:1),
(- - うⅠ肝 -β-CD G M,(･ ･ ･ ･ ･ ･ - - I)DM -β- CD G M, 汁 ) β-C D G M
(WeightRatio A ditive:F BP- 5:1, GrindingTim elOmin)
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H P-P-C D仔B Pa nd D M伸一 C D/F BPGMs
(WeightRatio C D:Dr ug - 5:1, GrindingTim e10min)
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虻⑬N虻凱町S瓦⑬N S
辿 痩地 塑且盈遡
1･ Pr 弧Iuka st nBulOParticle c o uldbe fo r m edby a m ethod ofc o瑠rinding w 地 C Ds.
Theinte r a ctio nle adingto na n oparticle 払r m atio n w a s c o mpletedinthefTlr St3 min ofthe
c かgrirlding pr o c e ss.
2･ The m oistu r e c o ndit o n o nlyduringc o-grindingslgnific arltly a飽cted n a n oparticle
■
fTo r m atio n･ A s uitable m oisture co ndiぬ n w a s n e c e ss arytop odu c edr ugn a n opa rticle s.
Na n opa rtiGle 触 m atio n w as are v ersiblepro c edu re depe nding o nthepr e s e n c e ofw ate r
m ole c ule sdu ringthegrindi喝 Pr O CeS S.
3. Dr ug n a n oparticles wer edispers edin the w ate r asdrug n 弧 O CryStalite s. The
addito n ofs o m e w ate r-solublepolym e rs enha n c edthe stabilityofn an oparticles.
地 些
1. T he s olubiliz atio n of 現u rbiprofen due to the inclu sio n c o mple x fom atio n w as
obs erv ed whe n c o- grinding 瓜u rbipr ofe n with β- C D, H P-β- C D and D M-β-CD a s
c on k ed byIRand Au o r e s c e n c e spe ctr a.
2. Co-grinding with β- C D c a u s ed a nin clu sio n c o mple xfo r m atio n, together with
nu rbipr ofe n n a n oparticlefo r m atio n. Ne v erthele s s,thediffere nceinthe m e cha nism of
bothphe n o m e n a rem ain stobefurtherinv estigatio n s･
ao m c且執S畳o n s
1. T he methodofc かgrinding with C Ds couldbe appliede飽ctiv ely as a n an opa rticle
pr epa mtio n m ethodto s o m epo o rly w ate r
-s olubledrugs･
2. The fo r m atio n ofdr ug n an oparticle w as con side red as apa rtic ularphe n o m e n o nt
c os. T he inte ra ctio n betw e e nC Ds a nd dr ug w a s attributable to n an oparticle
fo r m atio n.
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●
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